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(57) ABSTRACT

A method for manufacturing a wavelength converting ele-
ment (202, 301, 302, 303, 310, 312) the method comprising
providing (100) a polymeric carrier material (200) having a
first wavelength converting material (201) dispersed or
molecular dissolved therein; the first wavelength converting
material (201) is adapted to convert light of a first wavelength
to light of a second wavelength, deforming (101) the poly-
meric carrier material at a first temperature at or above the
glass transition temperature thereof such that at least part of
the polymeric carrier material (200) is crystallized; and
annealing (102) the polymeric carrier material(200) at a sec-
ond temperature below the melting temperature thereof.
Treatment of a polymeric material(200) according to the
invention improves the stability and lifetime of a wavelength
converting material (201) comprised in a such a treated poly-
meric material. A polymeric material (200) treated according
to the invention may comprise polymeric molecules having a
degree of crystalline being 10% by volume or more.

19 Claims, 3 Drawing Sheets
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1
POLYMERIC MATRIX WITH ORGANIC
PHOSPHOR AND MANUFACTORY THEREOF

FIELD OF THE INVENTION

The present invention relates to a wavelength converting
element comprising a polymeric carrier material having a
phosphor dispersed therein, a light-emitting device compris-
ing such a light converting element, and a method for manu-
facturing such a light converting element.

BACKGROUND OF THE INVENTION

Light-emitting diode (LED) based illumination devices are
increasingly used for a wide variety of lighting applications.
LEDs offer advantages over traditional light sources, such as
incandescent and fluorescent lamps, including long lifetime,
high lumen efficacy, low operating voltage and fast modula-
tion of lumen output.

Efficient high-power LEDs are often based on blue light
emitting materials. To produce an LED based illumination
device having a desired color (e.g., white) output, a suitable
wavelength converting material, commonly known as a phos-
phor, may be used which converts part of the light emitted by
the LED into light of longer wavelengths so as to produce a
combination of light having desired spectral characteristics.
The wavelength converting material may be applied directly
on the LED die, or it may be arranged at a certain distance
from the phosphor (so-called remote configuration).

Many inorganic materials have been used as phosphor
materials for converting blue light emitted by the LED into
light of longer wavelengths. However, inorganic phosphors
suffer from the disadvantages that they are relatively expen-
sive. Furthermore, inorganic phosphors are light scattering
particles, thus always reflecting a part of the incoming light,
which leads to loss of efficiency in a device. Furthermore,
inorganic LED phosphors have limited quantum efficiency
and a relatively broad emission spectrum, in particular for the
red emitting LED phosphors, which leads to additional effi-
ciency losses.

Currently, organic phosphor materials are being consid-
ered for replacing inorganic phosphor in LEDs where con-
version of blue light to yellow/orange light is desirable, for
example for achieving white light output. Organic phosphors
have the advantage that their luminescence spectrum can be
easily adjusted with respect to position and band width and
the quantum efficiency is generally higher than for inorganic
phosphors. Organic phosphor materials also often have a high
degree of transparency, which is advantageous since the effi-
ciency of the lighting system is improved compared to sys-
tems using more light-absorbing and/or reflecting phosphor
materials. Furthermore, organic phosphors are much less
costly than inorganic phosphors. However, since organic
phosphors are sensitive to the heat generated during electrolu-
minescence activity of the LED, organic phosphors are pri-
marily used in remote configuration devices.

The main drawback hampering the application of organic
phosphor materials in remote phosphor LED based lighting
systems is their poor photo-chemical stability.

U.S.2007/0273274 (Horiuchi et al.) discloses a translucent
laminate sheet comprising a light-emitting device and com-
prising an organic phosphor arranged in an airproofed cavity
having low concentration of oxygen such that the deteriora-
tion of the phosphor is reduced. However, keeping a low
concentration of oxygen is difficult and costly.
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Hence, there remains a need in the art for improved light-
emitting devices employing organic phosphor materials.

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome this
problem, and to provide a wavelength converting element
comprising a phosphor having increased lifetime.

According to a first aspect of the invention, this and other
objects are achieved by a method for manufacturing a wave-
length converting element, the method comprising the steps
of: providing a polymeric carrier material having a first wave-
length converting material dispersed or molecularly dis-
solved therein, the first wavelength converting material is
adapted to convert light of a first wavelength to light of a
second wavelength; deforming the polymeric carrier material
at a first temperature at or above the glass transition tempera-
ture thereof such that at least part of the polymeric carrier
material is crystallized; and annealing the polymeric carrier
material at a second temperature below the melting tempera-
ture thereof.

The polymeric carrier material may advantageously be
transparent to light of the first wavelength and the second
wavelength.

The stability of the organic phosphor may be improved by
incorporation thereof in polymeric materials, and this has
recently been described further in the non-published applica-
tion (EP 10181066.1), hereby incorporated by reference.

The inventors surprisingly found that a wavelength con-
verting material comprised in a polymeric carrier material,
after treatment of the polymeric material by the above
described method, exhibited excellent stability and thereby
improved lifetime.

In particular, the inventors found that by crystallizing the
polymer comprising an organic phosphor using so-called
stress-induced crystallization, which occurs by deformation
of'the polymer, at temperature at or above the glass transition
temperature of the polymeric material, followed by further
crystallization and/ or stabilization by annealing, a highly
ordered polymeric matrix having organic phosphor mol-
ecules contained therein is achieved, wherein the phosphor
molecules showed surprisingly improved stability and
increased lifetime, particularly at temperatures around and
above the glass temperature of the polymer, where the deg-
radation rate of organic phosphor molecules comprised in the
polymeric material decreased by several factors compared to
the same polymer which has not been treated by the inventive
method.

The terms “crystalline” or “structural order” should, in the
context of this application, be understood as any sort of at
least partial alignment, arrangement and/or orientation of
molecules, for example in a regular periodical pattern,
wherein the molecules, to some extent, have a limited degree
of freedom. It should be noted that these terms should not be
construed as being limited to comprise solid crystals only, but
also comprise liquid type crystals. Further, as the degree of
“crystalline” or “structural order” relates to the density of the
material, quantification of such degree may be obtained inter
alia through density measurements.

Given a high degree of crystalline, or structural order, of
the polymeric material, as may be achieved through the
method according to the invention, the resulting semi-crys-
talline polymer may have a high transparency of light owing
to its low light-scattering properties.

Deforming the polymeric material, which can be realized
e.g. by stretching, blow molding or vacuum forming, at a
temperature at or above the glass transition temperature



US 9,153,753 B2

3

thereof, results in a so-called stress-induced crystallization,
that is, the polymeric molecules of the polymeric material are
at least partially aligned, providing crystallites which form
physical cross-links, thus stabilizing the polymer.

By subsequently increasing the temperature of the poly-
meric material, keeping the temperature below the melting
temperature thereof, annealing of the polymeric material is
achieved, thus further crystallizing and stabilizing the poly-
meric material. The temperature at which the annealing step
is performed may advantageously be adapted such that opti-
mal crystal growth and/or rearrangement condition may be
achieved.

In embodiments of the invention the first temperature may
be at or up to 80° C. above the glass transition temperature of
the polymeric carrier material, preferably, the first tempera-
ture may be at or up 50° C. above the glass transition tem-
perature of the polymeric carrier material, and more prefer-
ably, the first temperature may be at or up to 30° C. above the
glass transition temperature of the polymeric carrier material.
A lower first temperature above the glass transition tempera-
ture may be advantageous as the formation of crystallites can
be ensured, and diffusion of organic phosphor molecules
from the crystalline regions of the polymeric carrier, which
may occur at higher temperatures, giving agglomeration
thereof and hence quenching of luminescence, may be
avoided.

According to one embodiment of the invention the first
temperature is lower than the second temperature.

In one embodiment of the invention the polymeric carrier
material is deformed during the annealing step. Thus, a desir-
able shape of the wavelength converting element owing to the
deforming thereof may be maintained.

According to one embodiment of the invention the deform-
ing of the polymeric material is performed uni-axially,
whereby a wavelength converting element in a form of, for
example, a fiber is produced. Alternatively, the deforming is
performed bi-axially and thereby wavelength converting ele-
ments in the form of, for example, a film, a tube or tape is
obtained. Thus, the wavelength converting element may be in
a form having a substantially two-dimensional extension, for
example, having a length and/or width up to several meters
and a thickness (or diameter) in the range of 0.001-1 mm.

Alternatively, the deformation of the polymeric material is
achieved by methods such as, for example, blow molding or
vacuum forming, thereby giving wavelength converting ele-
ments in forms of three-dimensional shapes such as, for
example, bulb shaped which can be adapted to fit with a given
desired application.

According to one embodiment of the invention the content
of the first wavelength converting material in the polymeric
carrier material is 1% or less by weight, for example 0.1% or
less by weight, such as 0.01% or less by weight.

According to one embodiment of the present invention the
first wavelength converting material comprises a perylene
derivative and/or quantum dot. According to one embodiment
of'the present invention the first wavelength converting mate-
rial comprises an organic phosphor.

According to a second aspect of the present invention, the
above-mentioned and other objects are achieved through a
wavelength converting element comprising a semi-crystal-
line polymeric material comprising polymeric molecules
having a degree of crystalline, wherein the polymeric mate-
rial comprising at least one wavelength converting material
dispersed therein, and wherein the degree of crystalline is
10% by volume or more, for example, 20% by volume or
more, such as 30% by volume or more.
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In one embodiment of the invention the wavelength con-
verting element is comprised in a second polymeric matrix,
wherein the wavelength converting elements is in the form of
particles which are dispersed in the second polymeric matrix.
The particles may be in the form of fibers preferably having a
diameter in the range of 0.01-1 mm. Further, the second
polymeric matrix may be substantially transparent and hav-
ing a relatively low glass transition and/or melting tempera-
ture, for example a polymer such as poly(methyl methacry-
late) or polycarbonate or polystyrene, thus allowing
processing of a second polymeric matrix, comprising par-
ticles of the wavelength converting element, below the melt-
ing temperature of the polymeric carrier material comprised
in the wavelength converting element.

Effects and features of this second aspect of the present
invention are largely analogous to those described above in
connection with the first aspect of the invention.

Furthermore, the wavelength converting element accord-
ing to the present invention may advantageously be com-
prised in a light-emitting device further comprising at least
one light source adapted to emit light of a first wavelength,
wherein the wavelength converting element is arranged to
receive light of the first wavelength and adapted to convert at
least part of the light of the first wavelength to light of a
second wavelength.

In one embodiment of the invention the at least one light
source advantageously is a solid state light source such as, for
example, a LED or a laser, preferably emitting light in the
blue violet or ultraviolet part of the light spectrum. It is noted
that the invention relates to all possible combinations of fea-
tures recited in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

This and other aspects of the present invention will now be
described in more detail, with reference to the appended
drawings showing exemplary embodiment(s) of the inven-
tion, wherein:

FIG. 1 is a flow-chart schematically illustrating a preferred
embodiment of a method for manufacturing of a wavelength
converting element according to the present invention;

FIGS. 2a-c are enlarged cross-sectional views of the opti-
cal element, where each view corresponds to a stage of the
manufacturing process according to the method of FIG. 1;

FIGS. 3a-e show a cross-sectional side view of embodi-
ments of a light-emitting device according to the invention;

FIG. 4 shows a plot of the emission from a layer of a PET
matrix comprising a phosphor material as a function of time;
and

FIG. 5 shows a plot of the inverse decay rate of a phosphor
material comprised in a PET matrix as a function of tempera-
ture.

DETAILED DESCRIPTION

In the following description, the present invention is
described with reference to a method for manufacturing of a
wavelength converting element having at least one wave-
length converting material incorporated therein. Below, the
invention is described with regard to its preferred embodi-
ments which comprise the best mode presently known to the
inventor, however, it should be understood that various
changes and modifications as would be obvious to one having
ordinary skills in the art may be made without departing from
the scope of the invention as set forth in the claims appended
hereto.
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FIG. 1 schematically illustrates the preferred steps 100-
102 of the method according to the invention, and FIGS. 2a-¢
show the resulting wavelength converting element 202 after
each of these steps 100-102. A preferred embodiment accord-
ing to the invention will now be described in detail with
reference to FIG. 1 and FIGS. 2a-c.

The first step 100 involves providing a polymeric carrier
material 200 having a first wavelength converting material
201 dispersed or molecularly dissolved therein. This can be
achieved by either polymerization of a monomeric mixture
comprising a light converting material and thereby obtaining
a polymer comprising the light converting material, alterna-
tively, the wavelength converting material may be dispersed
ordissolved in the polymer at a temperature above the melting
temperature of the polymer. Subsequently, the mixture may
be first quenched to below the glass temperature of the poly-
meric material and then heated to a desirable temperature at
which the deformation step 101 is performed, alternatively,
the mixture is directly cooled/ quenched to the temperature of
the deformation step 101. The polymeric carrier material 200
is embodied in FIG. 24 as being in a substantially amorphous
state, however, it should be noted that the polymeric carrier
material might as well be embodied as being in a more semi-
crystalline state, as this might vary depending on the compo-
sition of the polymeric material as well as on the methods
used, for example the extrusion method and quenching tem-
perature used, to provide the mixture of the materials. Also, it
should be noted that FIGS. 2a-c are, of course, enlarged views
of'the wavelength converting element where only a few poly-
meric molecules are shown, however, the skilled person in the
art would no doubt realise that the polymeric carrier material
would typically comprise a large number of molecules, all of
which may have different structural conformations and crys-
tal formations.

In one embodiment of the invention the polymeric carrier
material 200 comprises a polyester which may comprise an
aromatic moiety incorporated into the polymer backbone.
Typically, the polymeric carrier material may comprise poly-
ethylene terephthalate (PET) and/or a copolymer thereof and/
or polyethylene naphthalate (PEN) and/or a copolymer
thereof (see also European patent application EP 10181066.1
for more options of the polymeric material).

Furthermore, as would be understood by the skilled person,
the present inventive method does not relate to the use of any
specific organic phosphor compounds, and consequently, the
wavelength converting material may comprise any organic
phosphor compounds with desirable properties for a given
application of the wavelength converting element. However,
perylene derived compounds such as perylene bis and mono
amides, for example, any one of dyes ‘F170°, ‘F240°, ‘F083°,
‘F300° or ‘F305°, which are commercially available, may
advantageously be used as these phosphor compounds show
high stability.

According to one embodiment of the present invention the
first wavelength converting material may comprise nano
phosphors such as so-called quantum dots, comprising, for
example, cadmium selenide and/or indium phosphide.

The concentration of the wavelength converting material
may be 1% or less, preferably 0.1% or less, more preferably
0.01% or less by weight, and even more preferably 10 ppm or
less by weight, based on the total weight of the polymeric
carrier material and the wavelength converting material.

In the second step 101, the polymeric carrier material 200
having a first wavelength converting material 201 dispersed
therein is deformed at a first temperature at or above the glass
transition temperature thereof, for example, at or up to 80° C.
above the glass temperature thereof. Typically, the first tem-
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perature of the polymeric carrier material may be at or up to
50° C. above the glass transition temperature thereof, or for
example, at or up to 30° C. above the glass transition tem-
perature thereof. This treatment, so-called stress induced-
crystallization, results in areas 203 comprising micro crystal-
lites, shown in FIG. 25, wherein the polymeric molecules 200
of the polymeric carrier material are at least partially macro-
scopically ordered. At this stage, densification of the material
occurs. As is indicated in FIG. 25, the deforming of the
polymeric carrier material may, for example, be performed
uni-axially, or alternatively bi-axially (not shown). The
deforming of the polymeric carrier material may also involve
methods such as blow molding or vacuum forming.

Given the means of deforming, the wavelength converting
element may be obtained in the form of a film, a fiber, a tube
or a tape, having a thickness (or diameter) in the range of
0.001-1 mm and a length and/or a width up to several meters.
Alternatively, by means of, for example, blow molding or
vacuum molding, more three-dimensional forms are possible
such as, for example, bulb shaped.

The third step 102 involves annealing of the polymeric
carrier material 200 having a first wavelength converting
material 201 dispersed therein at a second temperature below
the melting temperature thereof. This second temperature is
typically higher than the first temperature at which the second
step 101 is performed. As shown in FIG. 2¢, in this third step
102 the degree of crystalline and macroscopic order is further
increased, thus further stabilizing the material. These trans-
formations of the polymeric material 200 can be seen in an
increase in density thereof. In embodiments of the invention
deforming of the polymeric carrier material 200 may to some
extent also be carried out during the third step 102.

The wavelength converting element 202 may optionally
comprise a second wavelength converting material adapted to
convert light of the first wavelength to light of a third wave-
length. The second wavelength converting material may be an
inorganic phosphor material, for example, cerium doped
yttrium aluminium garnet (YAG) or lutetium aluminium gar-
net (LuAG), or a second organic phosphor compound. Thus,
using more than one wavelength converting material, the
spectral composition of the output light can be more conve-
niently adapted as desired. In another embodiment of the
invention the wavelength converting element may comprise
scattering particles such as, for example, AlOx. The second
wavelength converting material and/or the scattering par-
ticles can be dispersed in the same layer of polymeric carrier
material, undergoing the same process of FIG. 2, or alterna-
tively can be dispersed in a separate layer of the same or
different polymeric carrier material, applied on the layer con-
taining the first wavelength converting material in an addi-
tional process step, for instance by coating or laminating.

FIGS. 3a-e show a cross-sectional side view of exemplary
embodiments of a light-emitting device 304, 305, 306, 307,
314 according to the invention comprising a plurality of
LEDs 300, and at least one wavelength converting element
301, 302,303,310, 312 arranged at a distance from the LEDs
300 in so-called remote configuration to receive light of a first
wavelength emitted from the LEDs 300 and adapted to con-
vert at least part of the light of the first wavelength to light of
a second wavelength. The polymeric carrier material is typi-
cally light transmissive, such that light emitted by the LEDs
and/or converted by the wavelength converting material com-
prised in the wavelength converting element 301, 302, 303,
310, 312 may be transmitted through the polymeric carrier
material. As shown in FIG. 3a, a light-emitting device 304
may comprise a plurality of wavelength converting elements
301, each one arranged to receive light from a single LED
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300, or as shown in FIGS. 35-d, a light-emitting device 305,
306, 307 comprising a single wavelength converting element
302, 303, 310 arranged to receive light from all of the LEDs
300. Further, as is illustrated in FIG. 3¢-d, the wavelength
converting element 303, 310 may be shaped as a dome or
bulb. The wavelength converting element may also be in the
form of a film which can be curved and fitted into or wrapped
around a glass tube, and such tube can be provided with
light-emitting diodes to function as a retrofit fluorescent
lamp. FIG. 3d shows an embodiment of the light-emitting
device according to the invention which is here provided as a
retrofit lamp 307 comprising a base part 308 provided with a
traditional cap 308.The light converting element 310 in FIG.
3dis in a bulb shaped form in order to fit with the correspond-
ing form of the light outlet member 309.

FIG. 3e shows an embodiment of the light-emitting device
314 according to the invention wherein a plurality of wave-
length converting elements 312 are dispersed in a second
polymeric matrix 313. The wavelength converting elements
312 may be in the form of particles 312 having a thickness in
the range of 0.01-1 mm. By incorporating wavelength con-
verting elements 312 in a second polymeric matrix 313 com-
ponents comprising the wavelength converting element hav-
ing a desired design can easily be produced by, for example,
injection molding techniques. In FIG. 3e the second poly-
meric matrix 313 is arranged on top of a reflective chamber
311 comprising LEDs 300.

The person skilled in the art realizes that the present inven-
tion by no means is limited to the exemplary embodiments
described above. For example, FIGS. 3a-e are only exem-
plary embodiments of light-emitting devices wherein the
wavelength converting element of the invention may be used,
it should be understood that the wavelength converting ele-
ment can be adapted and used in virtually any type of light-
emitting device wherein conversion of light from one wave-
length to another is desired. Furthermore, the wavelength
converting element may be applied as a coating on any light-
emitting device. It is also contemplated that the wavelength
converting member may be a self-supporting layer, such as a
film or sheet standing free from a light-emitting device having
any suitable shape.

The advantages of the method according to the present
invention have been demonstrated in experiments.

EXAMPLE

In one experiment 0.015% Red F305 dye (which is a com-
mercially available organic phosphor) in a PET matrix was
used which was prepared by extrusion and subsequently
quenching to room temperature. FIG. 4 shows the emission
from a layer of the prepared PET matrix comprising the
phosphor material illuminated with blue light of 450 nm at a
light flux density of 4.2 W/cm? as a function of time. The
initial absorption in the layer is 10% therefore the intensity is
directly related to the dye concentration. As can be seen, the
intensity is an exponential function of time with a decay rate
k.

The prepared polymeric material containing the phosphor
material was then illuminated with blue light of 450 nm at a
light flux density of 4.2 W/cm?® and the decay rate was mea-
sured at various temperatures. In FIG. 5 the inverse decay
rate, which is a measure of the lifetime, is plotted as a function
of'temperature. As can be seen in FIG. 5, the decay rate of the
phosphor increases rapidly just above 60° C. leading to a fast
decrease in lifetime of the phosphor.

Clearly in polymers such as polycarbonate and PET the
rate of degradation of the dye increases rapidly above the
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glass transition temperature thereof, thus limiting the appli-
cation temperature range of luminescent dyes.
The prepared polymeric material containing the phosphor
material was then treated according to one embodiment of the
inventive method: by first heating the material to 90° C.
(which is above the glass transition temperature of PET) at
which temperature the material was stretched, and subse-
quently annealing the material at 150° C. It was found that
after such treatment of the material the decay constant
decreased from 4.6*1077 to 6.2*107® at a temperature of 80°
C. in air, corresponding to an increase of about a factor of 7 in
the lifetime of the phosphor.
The invention claimed is:
1. A method for manufacturing a wavelength converting
element, said method comprising the steps of:
providing a polymeric carrier material having a first wave-
length converting material dispersed or molecularly dis-
solved therein; said first wavelength converting material
is adapted to convert light of a first wavelength to light of
a second wavelength;

deforming said polymeric carrier material at a first tem-
perature at or above the glass transition temperature
thereof such that at least part of said polymeric carrier
material is crystallized; and

annealing said polymeric carrier material at a second tem-

perature below the melting temperature thereof.

2. A method according to claim 1, wherein said first tem-
perature is at or up to 80° C. above the glass transition tem-
perature of said polymeric carrier material.

3. A method according to claim 1, wherein said first tem-
perature is lower than said second temperature.

4. A method according to claim 3, wherein said polymeric
carrier material is deformed during said annealing step.

5. A method according to claim 4, wherein said deforming
of said polymeric carrier material is performed biaxially or
uniaxially.

6. A method according to claim 5, wherein said wavelength
converting element after said deforming is in a form of a film,
a fiber, a tube or a tape.

7. A method according to claim 6, wherein said deforming
of said polymeric carrier material is achieved by blow mold-
ing or vacuum forming thereof.

8. A method according to claim 7, wherein said polymeric
carrier material comprises polyethylene terephthalate (PET)
and/or a copolymer thereof and/or polyethylene naphthalate
(PEN) and/or a copolymer thereof.

9. A method according to claim 8, wherein said first wave-
length converting material comprises a perylene derivative
and/or a quantum dot.

10. A wavelength converting element manufactured
according to the method of claim 9.

11. The method of claim 1, wherein the deforming com-
prises applying a stress to the polymeric carrier material.

12. The method of claim 3, wherein the deforming com-
prises applying a stress to the polymeric carrier material.

13. A wavelength converting element comprising a semi-
crystalline polymeric material comprising polymeric mol-
ecules having a degree of crystalline, wherein said polymeric
material comprising at least one wavelength converting mate-
rial dispersed therein, wherein a decay constant of said at least
one wavelength converting material is at most 6.2 x10~% when
said wavelength converting material is illuminated with blue
light of 450 nm at a light flux density of 4.2 w/cm?, wherein
intensity of light emitted by said at least one wavelength
converting material varies in accordance with c(0)e""?,
wherein k is the decay constant, t is time in seconds, and c(0)
is an initial intensity at time t=0.
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14. A wavelength converting element according to claim
13, wherein said degree of crystalline is 20% by volume or
more.

15. A wavelength converting element according to claim
13, wherein said degree of crystalline is 30% by volume or
more.

16. A wavelength converting element according to claim
15, wherein said wavelength converting element is comprised
in a second polymeric matrix.

17. A light-emitting device comprising a light source
adapted to emit light of a first wavelength, and a wavelength
converting element according to claim 16, wherein said
wavelength converting element is arranged to receive light of
said first wavelength and adapted to convert at least part of the
light of said first wavelength to light of a second wavelength.

18. A wavelength converting element according to claim
13, wherein said degree of crystalline is 10% by volume or
more.

19. A wavelength converting element according to claim
16, wherein the wavelength converting element is in the form
of particles which are dispersed in said second polymeric
matrix.
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